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ABSTRACT

Linear Alkylbenzene Sulfonates (LAS) are an inqx)rtant class of anionic
sur&ctants used as detergents for both industrial and domestic applications. LAS are
released to the environment from waste water treatment, leaking septic tanks, and run off.
LAS compounds are biologically reactive and have been foimd to have estrogenic
properties. Despite the common occurrence of these c o n fo n d s they are difficult to
analyze in water and waste water. Colorimetric assay such as EPA 425.1 is simple to
perform, but are not specific for LAS. Reversed phase liquid chromatography has been
utilized for the analysis of these c o n fo n d s but this method does not give good resolution
of LAS components. Gas chromatography (GC) of LAS esters provides a high resolution
separation o f LAS compounds but the ester derivatives are not easy to quantitatively
synthesize.
Recently, some promising methods utilizing tetrabutylammonium ion pairs to
esterify LAS during GC injection have been published. Vapor phase derivatization using
tetrabutylammonium bisulfote (TEA) ion pair was investigated using a pyrolyzer type GC
injector. The temperature dependence o f this vapor phase derivatization and ester
formation using TEA ion-pair reagent has been investigated. In this study an ion pair
derivatization (fiash-heater estérification) method using trialkylsulfonium and
dimethylarylsulfonhim cations instead of the tetrabutylammonium cation (TEA) has been

m

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

developed. The synthesis of sulfonium cations has also been investigated. This project
has produced a new analytical method for LAS using trialkylsulfonium and
dimethylarylsulfonium cations. The method has utilized reversed phase extraction (SPE)
methods for isolating extracting LAS from water. The LAS are then allowed to interact
with the sulfonium salt, to form a sulfonium-LAS ion pair, which is then injected into a gas
chromatograph to effect estérification and separation. Preliminary results from an analysis
of water from Lake Mead are reported.

IV
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CHAPTER I

INTRODUCTION

The fote o f surfoctants in aquatic environments has been the focus o f continual
investigation due to the large quantities of sur&ctants used worldwide in consumer,
industrial, and institutional cleaning products. Environmental acceptability plays an
increasing^ in ^ rta n t role in the manu&cture and marketing of sur&ctants. The
environmental behavior of surfoctants is also a key issue in the use of sur&ctants for
cleaning contaminated aquifers and soils.
Linear alkylbenzene sulfonates (LAS) are anionic surfoctants that are the most
used group o f anionic surfoctants in the world today. In 1990, LAS comprised 45% of the
U.S. surfoctant markets at 4.1 *10* kg

. LAS use in the United States during 1991 was

3.90 * 10* kg, o f which 88% was in laundry detergent and household cleaners I Due to
the large consumption o f LAS, the study of their biodégradation behavior in surfoce water
and in aqui&rs is important. Various analytical methods are available for the measurement
of LAS. These methods include simple colorimetric methods, gas and liquid
chromatography, as well as mass spectrometry. Among these methods ion-pair
derivatization gas chromatography coupled with solid phase extraction is one of the most
1
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promising analytical approaches.
BACKGROUND
1) CHEMICAL COMPOSITION
DETERGENTS AND SURFACTANTS
The term detergent applies to a product or formulation designed for cleaning or
laundering. The chemical formulation o f detergents involves numerous coKgx)unds that
can be classified into three general categories: sur&ctants, builders and additives, and
miscellaneous (figure 1).

DETERGENT
FORMULATION

SURFACTANT
-anionic
-cationic
-non- ionic
-an^hoteric

BUILDERS

-phosphates
-silicates
-carbonates
-sundry inorganics

MISCELLANEOUS

-brighteners
-enzymes and perfiimes
-anti redepositional agents
-bacteriostats
-chelating agents
-hydrotropes
-amines and solvents

FIGURE 1. Chemical composition o f typical detergents
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The distinguishing feature of a surfactant is the presence of a strong^ hydrophilic group
and a strongly hydrophobic group linked together in the same molecule (Figure 2).

HYDROPHOBIC

Hydrophobic
Non polar moieties as:
Long alkyl hydrocarbon (10-20 Carbons)
Alkylphenyl
Polyoxypropylenyl

HYDROPHILIC

Hydrophilic
Polar moieties as:
Sul&te
Sulfonate
Carboxylate
Quaternary ammonium salt
Sucrose
Polyoxyethylene
Alcohol

FIGURE 2. Schematic diagram showing the constitution of a typical detergent.

Regardless o f the exact chemical nature o f these groups, surjetants have a certain set of
physicochemical properties in common. The word surfactant is a shortened form of the
term surface active agent, and denotes an inqwrtant physicochemical property o f these
compounds. Surjetants tend to concentrate at the surjce of an aqueous solution and to
alter the interjcial properties. Because o f the presence of the hydrophilic group a
surjetant is more or less readily soluble in water. However, the hydrophobic group is
repelled by water, so that there is a tendency for that portion of the molecule to leave the
aqueous phase. This leads to a higher concentration at the interjces o f a solution (e.g.
the air-water interjces). The surjetant molecules orient themselves with the hydrophilic
groups in the water phase, the hydrophobic groups extending as j r as possible in the
other direction. The result of this oriented surjce film is lowering o f the su rjce tension
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of the water, and a greater tendency toward bubble and foam formation. Surjetants can
also promote the dispersion of hydrophobic liquids or solids. Hydrophilic groups oriented
toward the water, hydrophobic groups toward the immiscible liquid. This promotes
dispersion and émulsification of the liquid as suspended droplets. At liquid-solid interjces
a similar phenomenon occurs. Depending on the molecular structure, surjetants can be
subdivided into four groups: anionic, cationic, nonionic, and ançhoteric surjetants.
Chemical structures of typical detergents are shown in Appendix I .
This study investigates an analytical method for determining anionic detergents,
specifically, linear alkylbenzene sulfonates (LAS). Anionic surjetants are compounds in
which the detergency is vested in the anion. A wide range of anionic surjetants have
been produced by the detergent industry since its early beginnings in the 1930s.
Alkylbenzene sulfonates (ABS)*, linear alkylbenzene sulfonates (LAS)*, alkyl sulfonates
(AS)*, alkyl ethoxyjte suljtes (AES)*, alkyl phenol ether suljtes (APES)*, j t t y acid
amide ether suljtes (FAES)* and alj-olefin suljtes (AOS)* are some examples of
anionic surjetants. The structures of these compounds with more exanqiles are shown in
Appendix I. Of the anionic surjetants, LAS continues to be one of the most important
types of anionic surjetants. LAS, which also is called Cl 2 LAS, is a mixture of
homologes having alkyl chain lengths ranging fi*om CIO to C14 with isomers having
phenyl positions ranging fi’om carbon 2 to 7, resulting in 26 isomers without counting
variations in the ring position of sulfonation.. Due to this structural variability, LAS has
an aqueous solubility that ranges from 0.2 to 160 mg/L and sediment /water distribution
'Appendix III
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5
coefBcient (K^ ) that ranges from <1000 to 6000 L/kg/^' The varying lengths o f the
unsubstituted alkyl chain cause each isomer to have different characteristics relating to
sorption and biodégradation. Sorption increases with increasing alkyl chain length and as
the phenyl group position ^proaches the end of alkyl chain.
Swisher’s distance princÿle states that biodégradation rates increase with
increasing distance between the sulfonate group and the fer end of alkyl chain; thus, 2phenyl C12 LAS degrades fester than 6-phenyl C12 LAS and C13 LAS degrades fester
than CIO LAS.^^^ Figure 3 shows the typical structure of LAS.

FIGURE 3. Linear alkylbenzene sulfonate (LAS) typical structure.

2) POLLUTION, HEALTH EFFECTS AND TOXICITY
Beginning in 1930 synthetic detergents were introduced to the market. Incredible
increases in the production of synthetic detergents caused pollution in the environment as
well as health effects. High concentration of surfectants caused the water to exhibit
undesirable taste and foaming. Beginning in late 1947 sewage treatment plant operators
throughout the United States began to report uiq)recedented foaming at their plants.^^^ At
the same time, foam began to pollute rivers and lakes, some of which served as sources of
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6
domestic water supply. Since 1940 the incidence o f reproductive abnormalities and cancer
have been increasing. Some scientists believe these developments may be caused by man
made chemicals introduced into the environment, that mimic or block the action of the
natural hormone estrogen. Such chemicals may act on the adult humans and animals and
cause cancer or endometriosis.^'*^ The consequences o f wide dispersal in the environment
of these compounds may be even more widespread and devastating when estrogen mimics
accumulate in pregnant women’s systems and then are transferred to the egg or fetus.
This could disrupt the hormone balance of the developing of&pring and cause
reproductive abnormalities. The estrogenic mimics that occur at highest concentrations in
the effluent are nonyl and octyl phenols.^^ These are breakdown products of surfectants in
the alkyl phenol ethoxylate fenuly, which are used in detergent (anionic and nonionic
surfectants) and household products.
The toxicological properties of alkylaryl sulfonates have been thoroughly investigated
because o f their widespread use and their presence in surfece water. Since these
substances change the properties of water and adsorb on the surfece, including biological
surfeces, it is expected that they can affect the functioning o f organisms. Under certain
conditions, fish are particularly susceptible to toxic effects o f alkylaryl sulfonates. As a
class, surfectants exhibit significant toxicity to fish at concentrations in the range of 1-100
ppm; in some cases the toxic threshold may be considerably below or above this range.
Other aquatic species are con^arably sensitive; the lower, organized life forms tend to be
some what more tolerant. Bacteria are among the sin^lest, and their toxic thresholds
more often lie in the range o f 10-1000 ppm. Terrestrial animals are much less sensitive
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7
than aquatic species to surfectants, with a median lethal dose ( LDjo* ) for oral ingestion
by mammals generally lying in the range o f 500-5000 mg of surfectant per kg of body
weight, conq)arable to sodium chloride or sodium bicarbonate. A similar low degree o f
oral toxicity is also found when fish are fed the surfectant instead o f being immersed in
it.(Q

The effect of structure and size o f a linear alkylbenzene sulfonate on fish toxicity
has been investigated. The LDso of various pure linear alkylbenzene sulfonates on fish
have been determined. In general LAS are found to be more toxic th a n ABS, which, in
turn, are more toxic than C12 alkyl sulfetes. As molecular weight increases the LDjq
decreases. The C16 homolog is anomalous in that it is intermediate between C12 and C13
in LDjq. Effects of positional isomers were also noted. With C12, C14, and C16
homologs, the isomers with the phenyl groups attached near the center of the chain were
more toxic th a n the 2-phenyl isomers. With C8 and CIO homologs, the 2-phenyl isomers
were most toxic. The toxicity order of four isomers of dodecylbenzene is: 2-phenyl < 3phenyl < 6-phenyl < 4-phenyl Toxic effects in the study were noted from concentrations
of 0.2-180 mg per liter.

3) CHEMICAL ANALYSIS OF ANIONIC SURFACTANTS
a. Sampling techniques.
Sampling and sangle preservation are of major in e rta n c e in environmental
chemical studies. At low concentration levels, surfectants tend to adsorb or concentrate at
’Appendix III
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interfeces. Foam consists almost entirely of air-water interfeces, and if present will
contain a much higher concentration of surfectant than the bulk of the solution. At
concentration greater than 10 ppm, generation o f foam may significantly deplete the
surfectant content of the bulk liquid phase. Thus, precautions must be taken to avoid
foaming, or at least foam should be quelled before sampling. In addition, adsorption onto
the walls of bottles, pipettes, and other glass equipment also will occur, causing depletion
and cross-contamination o f dilute solutions. Generally, rinsing with a suitable solvent
(methanol) or other solutions such as 0.01-M KH2PO4 will minimize errors due to
adsorption.
Sandies (water, wastewater, or sediment) have to be preserved immediately upon
collection with chemical biocides to minimize and prevent microbial degradation of the
surfectant present. Common preservation techniques are acidification to pH 2 with
sulfiiric or hydrochloric acid, addition o f sodium azide, mercuric chloride, or
formaldehyde in addition to refiigeration at 4 degrees Celsius.^*^ Table 1 shows sample
preservation methods for surfectant analysis.
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TABLE!:
SAMPLE PRESERVATION METHODS FOR SVRFACTANT ANALYSIS

C/)

Chemical/ Physical preservative

o'

3

Matrix

Surfactant
Type

Bibliography

H,SO^

pH 2
pH 2 with storage at 4* C

Water
Water

Various
Various

9,10
11,12

HCI

pH 2 with 12 N HCI

Water

Various

13

HgCl,

50 ppm
900 ppm (stable for 2 weeks)
60-68 ppm

Water
Sewage
Polluted water

Various
Various
Various

14,15
16
17

Chloroform

2ml/L
2-4 g/L chloroform refrigerated at 4-10* C
(stable for 2 weeks)

Water
Water

Various
Various

18
19

Temperature

O'C

Raw sewage
Sewage effluents,
influents, ground
water
Water, raw sewage

Various
LAS, DATS

13
26

Various

31,32

8
C5-

Method

3CD

CD

■o

Ic
g
o

3

■o

S

1' C (stable for 6 days)
10-20* C (stable for 12-24 h)
37* C (stable for 6 -I2h)

&
o

c
%
C/)

(g
o'
3

*
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TABLE I ( countinued):
SAMPLE PRESERVATION METHODS FOR SURFACTANT ANALYSIS.

C/î

C/)

Chemical/ Physical preservative

8

Formaldehyde

Method
2.SmL o f 40% solution in IL o f sample
ImL o f 37% solution in IL of sample

CD

33

"

1% solution, 5* C, and 200 ppm HgClj
1% o f 3% solution, dark a t 4 ' C
soil samples dried at 60 C

CD
CD

■D
O
Q.

Matrix

Surfactant
Type

Bibliography

Water
Water
Groundwater
River water
Water
Sewage effluents,
influents,
groundwater

Various
Various
ABS*, LAS*
LAS, DATS*
LAS
LAS, DATS

20
21,22
23
24
25
26

Sewage, sludge,
soil

LAS,AP*
APEO*,NP*
LAS, DATS
LAS

24
30

LAS

31

C

a
O
3
■D
O

3% solution

CD
Q.

■CDD
C /)
C /)

* . Appendix III

Sediments
River water,
sewage treatment,
plant effluent,
primary influent
samples
Influent, effluents,
and river water

27,28
29
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b. Extraction:
Preconcentration is necessary before analysis when the conqwunds of interest are
present at the concentrations below the detection limit of the a n a ^ c a l method.
Techniques to isolate surfectants in aquatic environments are summarized in Table 2.
Solid phase extraction procedures are becoming increasingly popular and versatile for the
extraction and isolation of target compounds from a con^)lex matrix. This is due to the
range o f polarities and functionalities available in solid phase substrates and the ease and
sinq)licity o f in^)lementing these methods in the field. Recently, the use of supercritical
fluid extraction (SFE) on surfectants from environmental sanqiles has received increasing
attention

The advantages of SFE over conventional liquid solvent extraction include

speed, superior recoveries, reduction in liquid solvent usage and solvent waste. In
general hydrophobic sorbents and ion exchange resins are used for the extraction of
surfectants due to the hydrophobic and ionic nature inherent in many surfectants. The first
step in the isolation procedure is based on the hydrophobic character of the analyte and
the second step relies on the ionic nature of anionic sufectants. In the case of LAS
extraction, the three hydrophobic resins (C l8, C8, and C2 stationary phases ) have been
evaluated by various researches. Reversed- phase packings which include 018, C8 and 02
are hydrophobic, silica based materials that retain moderately polar to non-polar
conq>ounds from a polar matrix.
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73
■CDD
O
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C
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TABLE 2:
COMPARISON OF THE DIFFERENT EXTRACTION METHODS USED FOR SURFACTANT ANALYSIS.
COMPARISON OF THE DIFFERENT EXTRACTION METHODS USED FOR SURFACTANT ANAL YSIS.

CD

-n
c

33

"

CD

■CDD
O
Q.

Extraction method

Remarks

Bibliography

Liquid-Liquid Extraction

•L arge volume of solvent is required
•L arge automated extractor can provide a large
concentration fector

36,37
38

Liquid-Solid Extraction

•Exhaustive extraction with a specific solvent for a
period of time required
•Choosing the solvent is a challenge because it must
solubilize the surfectant without forming an emulsion or
coextracting

39

C

aO
3
■D
O
CD
Q .

■CDo
C/)

(/)

N)

73
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O

Q.
C

8Q.
■CDD
C
/)
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8
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TABLE 2 ( continued):
COMPARISON OF THE DIFFERENT EXTRACTION METHODS USED FOR SURFACTANT ANALYSIS
Extraction method

Remarks

Bibliography

Solid Phase Extraction (SPE)

•Versatile due to its available range of polarities and
functionalities
• N o need for sample preservation when Amberlite resin
SPE (XAD-2, XAD-4, AND XAD-8) when used in
the field
•Reversed- phase HPLC packing columns (C2,C8,C18)SPE use a small solvent volume and have low
conqwund interference
•Activated carbon-SPE effectively concentrates
surfectants from dilute aqueous samples ; interference
from other organic compounds is excluded by extensive
purification procedures

40,41
23,26
42

Supercritical Fluid Extraction (SFE)

•S F E has several advantages over the other methods;
speed, efficiency, reduction in liquid solvent and solvent
waste, and the ability to couple the extraction step with
capillary GC and supercritical fluid chromatography

43,44

33

"

CD

■CDD
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C

a
O
3
■D
O
CD
Q.

■CDD
C /)
C /)

( sludge, soil )

14
c. Analytical methods
Generally, the least complicated method for anionic surfectants is the methylene
blue active substance (MBAS) colorimetric method

This procedure involves

chloroform extraction of a MB-Surfectant ion pair which is then quantified
colorimetrically. This method suffers fi^om nonspecificity in detecting LAS, the
degradation products o f LAS and sometimes it gives much higher values in effluent than
that obtained by use o f more specific analytical methods. Reversed phase liquid
chromatography with an UV detector has been utilized for the analysis o f these
compounds but this method does not give good resolution o f individual LAS conqx)nents
(47.48)

Yhe main advantage of HPLC over other chromatographic techniques is its

simplicity, and the separation and detection o f LAS compounds without prior
derivatization or désulfonation.
The difflcuhy in GC analysis o f LAS rests on two major fectors: ( 1) the essential
nonvolatility o f sulfonates, which prevents the application of such powerful techniques as
GC and GC-MS and ( 2 ) the great chemical con^lexity of the commercial Alkyl Aryl
Sulfonates which consist of perhaps dozens o f different molecular species. Decomposition
and derivatization are two major methods to convert LAS to more volatile conqwunds
which can be analyzed by GC . For the confirmation and identification o f individual
surfectant molecules, mass spectroscopy (MS) is considered the best technique. Appendix
n summarizes some major derivatization and deconqx)sition methods that have been used
in LAS analysis.
Conventional derivatization and deconqwsition methods for LAS are generally
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time-consuming procedures that require a minimum o f two or three steps

and are

sensitive to trace amounts o f water and sometimes use hazardous reagents (e.g.,
diazomethane). Ion pair derivatization, also known as flash-heater estérification, is rapid,
simple, and an excellent alternative to conventional derivatization methods for LAS. lonpair fonnation is accomplished by the reaction o f LAS [ R-Ph-SOj ' A'a' ] with
tetrabutylammonium hydrogen sul&te (ion pair reagent) [ N(Bu ' HSO ' ] to form LAS
) 4

ion pairs [R-Ph-SOj'N(Bu

) 4

4

' ] in solution (eq. 1).^'^ These hydrophobic ion-pairs are

then easily extractable into a small amount o f organic solvent.

R-Ph-SOs Na* + N(Bu)/ HSO ' -------> R-Ph-SO ' N(Bu
4

3

) 4

' ^ Na *HSO 4

(1)

tetrabutylammonium
hydrogen sulfate TEA (ion pair reagent)

Upon introduction o f a chloroform solution of TBA-sur&ctant ion-pairs to a high
temperature (300* C) GC injection port, LAS is esterified to its butyl esters [R-Ph-SOs
(Bu)] (eq 2).
300* C

R-PhSOj- N(Bu)/ ---------------------------- > R-Ph-SOj-Bu
Estérification
at GC injection port

+ N(Bu)j

(2)

LAS butyl esters

Ion pair derivatization is a one-step method because removal o f excess ion pair reagents is
not necessary. Ion pair reagents, such as tetrabutylammonium compounds, are also less
toxic than the conventional derivatization reagents such as diazomethane. The precursors
used to generate diazomethane are also highly carcinogenic

Diazomethane itself is
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toxic, and the conditions o f diazomethylation are a potential explosion hazard.
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CHAPTER H

EXPERIMENTAL

A) Material and Equipment
a. Material:
High purity (generally > 97%) chemicals were used for standard solutions and
sample preparation. Methanol (MeOH) and chloroform (CHCI3 ) were purchased from
Fisher Scientific. Dodecylbenzenesulfonic acid sodium salt (Cl2-LAS) and
tetrabutylammonium hydrogen bisul6 te (97%) (Bu)^ N* HSO^ were obtained from
Aldrich Chemical Company, Inc. 4-Octylbenzenesulfonic acid sodium salt (C8-LAS )
was purchased from Lancaster Synthesis Ltd. Sodium azide (NaNj) was obtained from
Aldrich Chemical Company, Inc. Regent grade anthracene was obtained from Packard
Instrument Company, Inc. Maxi-clean C l8, reverse phase cartridges (300mg) were
purchased from Alltech Associates, Inc. Whatman glass microfiber filters GF/F 5.5 cm
were used to filter lakewater sangles. Silanized glass wool ( DMCS treated ) was
obtained from AUtech Associates, Inc.

17
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a.l. TriaH^lsulfonium salts:
The following sulfonium salts were synthesized

: dimethyloctylsulfonium nitrate

(DMOS), trimethylsulfonium bisul&te (TMS), and dimethyl-p-tolylsulfonium nitrate
(DMTS).
b. Equipment:
A Hewlett Packard (HP) 5890A Gas Chromatograph(GC) instrument with Flame
Ionization Detector (FID.) and HP3396A Integrator was used for analysis. A high
resolution cross-linked dimethyl silicone HP capillary column of 12.5 meters length and
0.2 mm internal diameter(column number 46-22-12a, deactivation: siloxane, phase ratio:
150) was used for all separations. A HP 5890 Gas Chromatograph (GC) instrument with a
Mass Spectrometer (MS) HP 5988A equipped with quadrupole mass analyzer and a SGE
Pyrojector were also used in this study. Because o f poor sensitivity, this instrument was
found to be unusable for lake sangles. A manostat peristaltic pun^ was used for sample
processing (SFE). A Pierce 18780 evaporating unit from Pierce Chemical Company was
used in this study for removing chloroform.

PREPARATION OF THE SOLUTIONS:
The following stock solutions and standards were prepared to obtain a
calibration plot.
1. Preparation o f LAS stock solutions:
a.

1000 ppm Cl 2-LAS stock solution: l.OOOg o f Cl 2-LAS was dissolved in
deionized water and then brought to pH 2 by adding 1 mL concentrated
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hydrochloric acid, the mix was diluted to lOOOmL.
b.

1000 ppm C8-LAS stock solution: l.OOOg o f C8-LAS was dissolved in deionized
water and then brought to pH 2 by adding 1 mL concentrated hydrochloric acid
and diluted to lOOOmL.

c.

1000 ppm anthracene internal standard stock solution: 0.100 gr o f anthracene
dissolved in chloroform (CHCI3) and diluted to 100 mL.

d.

Hydrochloric acid (HCl) 1 M: 86.2 mL o f 11.6 molar HCl was dissolved in water
and diluted to 1000 mL.

l.Preparation o f working stock solutions:
a.

10 ppm C12-LAS (acidified to pH 2) solution: 10 mL o f 1000 ppm C12-LAS
stock solution and 10 mL HCl 1 M were diluted to 1000 mL with deionized water.

b.

10 ppm C8-LAS (acidified to PH 2) solution: 10 mL o f 1000 ppm C8-LAS stock
solution and 10 mL of HCl 1 M were diluted to 1000 mL with deionized water.

3. Preparation o f ion-pair reagents solutions:
Approximate concentrations o f the following ion pair reagents made and used in
this experiment.
a.

Dimethyoctylsulfonium nitrate (DMOS)^^*^ 0.051 mole/L stock solution:
Approximately 1.20 g of DMOS (MW=237 g/mole) was dissolved in water and
diluted to 100 mL.

b.

Dimethyl-p-tolyl-sulfonium nitrate (DMTSy^*^ 0.068 mole/L solution:
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Approximately 1.45 g o f DMTS nitrate (MW= 215 g/mole) was dissolved in
water and diluted to 100 mL.
c.

Trimethylsulfonium salts (TMSy^*^ 0.1 mole/L solution: Approximately 1.74 g o f
TMS bisul&te (MW= 174 g/mole) was dissolved in water and diluted to 100 mL.

d.

Tetrabutylammonium hydrogen bisulÊite (TEA) 0.025 molar solution: 0.84885 g
o f TBA (MW=339.54) was dissolved in chloroform and diluted to 100 mL.

B) METHODOLOGY
Gas chromatography (GC) o f LAS esters provides a high resolution separation o f
LAS conqx)unds but the ester derivatives are not easy to quantitatively synthesize.
Gas chromatography (GC) is a technique based upon the principle that each
volatile conqK>nent o f a mixture undergoes its own characteristic partition between the gas
phase and the stationary (liquid or solid) phase packed in a column. The degree of
separation o f the sample conqwnents is determined mainly by the partition coefficients o f
the substances (solutes). These partition coefficients are in turn functions o f the solute
interaction with the stationary phase and o f the vapor pressure o f the solute at the column
temperature. Other foctors which affect the separation of the solutes and the shape o f the
subsequent chromatogram are solute diffiision, carrier gas velocity, and mass-transfer
effects

It will be readily appreciated that the sanq)le components require full

vaporization prior to the partition so that the carrier gas flow can drive them into the
column; this is the first step of gas chromatography. Thus one may suppose that the
greater the volatility o f the sample, the easier the implementation o f gas chromatography.
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and in general this is true. Gas chromatography was first applied to the analysis o f volatile
materials such as petroleum products and only later to that o f organic substances o f little
or no volatility such as drugs and polymers, and some inorganic con^unds. In the case
of substances of little or no volatility (which includes surfoctants), the samples require
pretreatment by chemical reaction or thermal decomposition to form a volatile derivative
in order to permit GC analysis.
Surfoctants, containing both hydrophilic and hydrophobic (lipophilic) groups in
one molecule, have been traditionally classified in terms o f the ionic properties of
hydrophilic groups into anionics, cationics, an^holytics, and nonionics. Such a
classification suggests that the main interest so for centered on the ionic properties o f the
surfoctants. This may partly be due to the feet that there have been few powerful methods
for the separation and identification of complex mixtures of the hydrophobic groups o f
surfectants.
Gas chromatography has played an important role in the characterization of
complex mixtures especially o f alkyl homologs and their isomers. In order to apply GC to
the characterization o f surfectants they have to be converted to non-ionic derivatives
which can be vaporized in the GC injector. Nonionic surfectants can be separated without
derivatization. Derivatization involves chemical pretreatment or thermal decomposition
followed by separation by GC.
Most anionic surfectants have a sulfonate, sulfete, or carboxylate group as the
polar head group, and alkyl, alkylaryl, or alkenyl groups as the hydrophobic tail The
chemical bonds combining these polar head group and hydrophobic tail are C-S, C-0, or
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C-C bonds, respectively. Pretreatment, therefore, may include the severance o f these
bonds.
In the case o f LAS in the previous chapter, major chemical pretreatments included
thermal decomposition methods and derivatization methods (Appendix II ). For example
reaction o f LAS with phosphoric acid (désulfonation reaction).

90 min

R-Ph-SOi'Na^ + H3P04(%94)--------------- > R-Ph-H
21S* C

SO +

+

3

H PO
3

4

(corresponding oil)
(volatile compounds)

The advantages of ion-pair derivatization (flash-heater estérification) compared to the
other methods was also mentioned previous^. In this research the ion pair derivatization
(flash-heater estérification) method using a new series o f ion pair reagents,
trialkylsulfonium and aryldialkylsulfonium cations have been investigated and compared to
the tetrabutylammonium (TBA) procedure. The temperature dependence of ester
formation for the TBA method was also a subject o f this study.

C) DESCRIPTION OF NEW METHOD
Summary o f method:
This method utilizes reversed phase extraction (SPE) using Cl 8-cartridges for
isolating LAS from water. LAS in raw water is extracted with C l8 cartridges, then the
C l 8-cartridges are eluted with methanol into the separatory funnel. The sulfonium cation
ion-pair reagents are added to the sample which is then extracted with chloroform. In this
stage ion-pair formation involves the ion pairing o f LAS {R-Ph-SÜ ' ] with sulfonium
3
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cations [R^R ’5* ] (where R= methyl and R - octhyl, methyl, or p-tolyl )to form a
hydrophobic ion pair

R-Ph-SOj-Na^ +

'5 ' ] (eq. 1).

RiR'S^ A - ------------- > R-Ph-SOj'RiR'S* ^ N a 'A ' (1)
Sulfonium Salts
Ion-pair reagents

The ion pair [R-Ph-SOj' R R 'S* ] is then extracted into chloroform, concentrated by
2

evaporation and injected into the GC. Upon introduction into the GC injection port at high
temperature (300* C), LAS is esterified to its alkyl esters [ R-Ph-SOj (Ror R ’) ] { R ’* ptolyl ) (eq. 2).
3 0 0 'c

R-Ph-SOs-RiR'S* -----------------------------------> R-Ph-SOs ( R o r R )
estérification
at GC injection port

+ SRR’

(2)

( R ’* p-tolyl )

The resulting sulfonate esters are volatile and can be separated by the GC column.

SYNTHESIS OF TRIALKYLSULFONIUM SALTS
Dimethyloctylsulfonium nitrate (DMOS), dimethyl-p-tolylsulfonium nitrate
(DMTS), and trimethylsulfonium bisulfete (TMS) were synthesized.^^*^ The formation o f
the sulfonium salts involves the nucleophilic attack of dialkyl or arylalkyl sulfide on methyl
iodide or octyl bromide . The reaction can be promoted by AgNO, which drives the
reaction forward by the formation o f a AgBr or Agi precipitate. Balanced equations
indicating the preparation o f these ion pair reagents is shown in Table 3. In the case o f
TMS the reactants were mixed and allowed to react at room tenperature. The product
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was then passed through anion exchange to replace strongly nucleophilic I " anions with
weakly nucleophilic HSO4' anions. Solvent has a great effect on yield and speed o f the
reaction. Acetonitrile was chosen as the solvent for the preparation o f DMOS and
DMTS to speed up the reaction by decreasing the energy of activation. In both cases
reactants were mixed and placed in a small Erlenmeyer flask. The mixture then was
stirred magnetically at room tenperature. The precipitated silver bromide or iodide was
then removed by filtration. To remove any interference firom the solution by the residual
silver ions, the product oils (DMOS & DMTS) were treated with an aqueous sodium
chloride solution to precipitate any residual Ag* as A gCl. The solution was then filtered
and the water was allowed to evaporate at room temperature. The sulfonium salts were
dissolved in chloroform or dichloromethane, the solution was filtered through a short bed
of alumina and the solvent evaporated to yield the sulfonium salt in various states of
hydration depending on the relative humidity.
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TABLE 3:
PREPARATION OF THE SULFONIUM SALTS ( ION PAIR REAGENTS ).

^

l.Prq>araiion o f Trimethylsulfonium salts (TMS).

CD

Anion exchange
>(CHj)jS^ H SO f

o

1
.

(CHj^^S

+

CHjI

>( CHj ) j S * I

Dimethylsulfide Methyliodide

3.
3

TMS Iodide

TMS Bisulfate

2. Preparation o f Dimethyloctylsulfonium nitrate (DMOS).

"

CD
CD
"O
O
Q .

CH CN/H O
>CyH,iCH jS(CH3)
3

I

CjHiiCHjBr + (CHj} 2 S

Io

Octylbromide

+

Dimethylsulfide

AgNOj

Silver nitrate

2

NO3

AgBr

^

DMOS nitrate Silver bromide
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TABLE 3 (continued):

C/)
C /i

PREPARATION OF THE SULFONIUM SALTS ( ION PAIR REAGENTS ).
il Preparation o f Dimethyi-p-tofyi-sulfonium nitrate (DMTS):
CD

8
CH C N /H P
CH I+ AgNOi -------------- >
3

+

3

NO

3

+ Agi
J

CD

p-Tolyl methyl sulfide

Methyl iodide Silver nitrate

DMTS Nitrate Silver iodide

3.
3
"

CD
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O
Q.
C

a
O
3
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LAS DERIVATIZATION USING SULFONIUM SALTS
For all three synthesized sulfonium ion-pair reagents, estérification o f LAS was
successfiiL Figure 4 shows a comparison o f the chromatograms produced using
alkylsulfonium salts and TBA. Like TBA for TMS and DMTS only one type o f ester was
produced. Due to the availability o f both methyl and octyl groups in DMOS, both methyl
and octyl esters o f LAS were produced. For the purpose of analysis o f LAS in raw
water, trimethylsulfonium bisulfete (TMS) and dimethyl-p-tolyl-sulfonium nitrate (DMTS)
were found difficult to use due to the inconplete extraction o f ion pairs o f the reagent and
LAS into chloroform. For DMTS the interference from silver ions (Ag*) contamination in
the reagent resulted in poor estérification yields in early attempts, but later after removing
silver ions with aqueous sodium chloride and filtration the reagent seemed promising for
future work. DMOS was the most successful due to easy extraction with chloroform.
The following equations shows the use o f DMOS nitrate as ion pair reagent. Equation (1)
shows the reaction o f LAS [R-Ph-SOj ' A h' ] with Dimethyoctylsulfonium nitrate
(DMOS)

NO ' ] to form LAS ion pairs [R-Ph-S
3

0

3

]'

[C7H,f3H^(CH3)2 ] ' in solution (eq. 1).

Dimethyoctylsulfonium nitrate
R -P h -S 0 3 - A h ' + C y H ,f iH ^ ( C H 3 ) { N O 3 ' - > [ R -P h -S 0 3 \ ' \C jH ifC H S (C H 3
Ion-pair reagents

]'

+AWVO3 (I)

LAS ion pairs [ R-Ph-SOfi ' [CyHisCH^(CH

3

) 2

] ' were extracted with chloroform and

then injected into the GC injection port. Upon introduction to the high temperature
(300*C) GC injection port, LAS is esterified to its methyl and octyl esters [R-Ph-S

0
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(eq. 2).

300* C

[RPhS 0 3 \-[C T H ,/:H ^ (C H ,) 2 y ------------------ > RPhSOjCHj +
methyl esters

RPhSOjCaH,j (2)
octyl esters

estérification
at GC injection port

FIGURE 4. COMPARISON OF C12-LAS ESTERIFICATION USING
DIFFERENT ION PAIR REAGENTS:

<—Internai
Standard
Surrogate

Butyl Esters

Time

1) Cl 2-LAS esteriiScation using TBA (butyl esteti).
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FIGURE 4. COMPARISON OF C12-LAS ESTERIFICATIONS USING
DIFFERENT ION PAIR REAGENTS (continued):

<—Internal Standard

t
Methyl Esicnk Octyl Esters

Time
2) C12-LAS estérification using DMOS ( m ethyl and octyl esters )

<—Internal Standard
<— Surrogate

I
Methyl Esters

Time
3) C12-LAS estérification using TMS or DMTS ( only methyl esters )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

30
D) STANDARDS AND CALIBRATION CURVE:
A reagent mixture o f LAS (C12-LAS) was used to construct a calibration curve.
One advantage o f ion pair derivatization methodology is the sin^licity o f the calibration
standard preparation. Quantitation standards for LAS were prepared by taking 1.5-45 ml
o f the 10 mg/L working standard into separatory funnels containing 5 ml o f 0.051 molar
DMOS ion pair reagent. Each funnel was then spiked with 6 ml o f 10 mg/L (0.06 mg)
C8-LAS surrogate and extracted twice with 3 ml chloroform. The extracts were combined
and dried under a stream o f nitrogen. Exactly 240 uL o f chloroform was added back into
the vials and spiked with 60 uL o f 1 gr/L (60 ug) anthracene (internal standard). A
volume o f 2 uL o f each standard was then injected into the GC injection port. The area
response for LAS was normalized (determined) by dividing the summed peak areas for
LAS by that o f the peak area o f the anthracene ( internal standard ).
A typical calibration curve and the result o f least-squares linear regression are shown in
the figure 5 . A linear relationship exists between peak areas and concentrations (R^
=0.997). Table 5 represents the results for the calibration curve. The approximate
detection limit for LAS was 200 ng per injectioiL The calibration curve is followed by the
recovery o f one o f the standards. Results o f a recovery study is shown in table 5.
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TABLE 4:
CALIBRATION RESULTS FOR C12-LAS USING DMOS ION PAIR REAGENT.
CALIBRATION RESULTS FOR C12-LAS USING DMOS ION PAIR REAGENT.
Standard
ng/inj

Area of C12-LAS(sum of both
methyl and octyl ester)/Area of
Internal Standard

Area of the C8LAS(surrogate)/Area of
Internal Standard

Blank

0

1.6290

250

1.4767

2.5573

500

3.1726

2.6867

1000

7.6212

4.2331

1500

10.3009

3.9297

2000

13.1340

3.5228

3000

20.4458

3.5376
Mean

3.15

S tddev

0.84

%RSD

26.64%

Correlation Coefficient [R^] = 0.997
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n C U R E 5. CALIBRATION CURVE FOR C12-LAS USING DMOS

CALIBRATION CURVE FOR C l 2-LAS
USING DMOS

500

1000 1500 2000 2500
Concentration (ng/inj)

3000

R S q M n d - 0.9968
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TABLES:
PERCENTAGE OF RECOVERY ON THE METHOD FOR 2000 ng/inj OF LAS
IN WATER.
PERCENTAGE OF RECOVERY ON THE METHOD FOR 2000 ngTmj OF €12LAS IN WATER.
Number
of
Experiment

Area of C12-LAS(sum of both
methyl and octyl ester)/Area of
Internal Standard

% Of recovery

1

14.0996

103.5%

2

15.3108

112.4%

3

10.5628

77.6%

4

13.0505

95.8%

5

13.9312

102.3%

6

11.5549

84.8%

Mean

13.0850

Stddev

1.6023

%RSD

12.25 %

Average Percentage of recovery

96.1%
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E) SAMPLE PREPARATION AND ANALYSIS.
a. Sample preparation:
Sanq)les o f raw water, were collected over a 1-week sanq)lmg period in August
1995 firom Las Vegas Wash and Lake Mead located in southeastern Las Vegas. A total
o f five samples were taken, one sangle from Las Vegas Wash and four sangles from
Lake Mead. New one gallon high density polyethylene sanq>le bottles were used to collect
the samples. Sample bottles were cleaned with approximately 5 mL concentrated HCl and
rinsed with reagent water prior to the sanq>ling. Samples were taken approximately one
foot below the water sur6ce by inserting bottles into the water by gloved hand. The
sample bottles were rinsed twice with water samples before sampling. Collected samples
then were preserved with approximately 4 gr ( Igr/L ) sodium azide (NaN^ ) and then
were brought to pH 2 by adding hydrochloric acid (HCl ). San^)les were refiigerated at
4*C.

b. Solid Phase Extraction:
Samples of raw water were filtered using Whatman glass micro fibers (GF/F) and
vacuum filter assemblies (Nuclepore) prior to extraction. Samples o f raw water (1000 ml)
were spiked with 6 ml o f 10 mg/L (60 ug) C8-LAS. The anafytes were extracted by
passing the samples through the reverse phase Cl 8 cartridge at a flow rate o f about 20-30
mL/min with the aid o f a peristaltic punqi. Before processing the water samples, the C l 8
cartridge was preconditioned with 5 mL methanol and 5 mL deionized water. Afler
extraction, the C-18 cartridge was eluted into a 125 mL separatory fiinnel with 5 mL
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methanol using a 50 mL glass syringe ( Micro-Mate interchangeable, Per&cktum In c).

c. Gas Chromatography:
A Hewlett-Packard Model 5890A GC with a FID detector was equipped with an HP12
column ( 12.5 m x 0.2 mm Ld. x 0.33 um film thickness; Hewlett-Packard ) and an
HF3396A Integrator was used to perform gas chromatographic separation and peak area
measurement. Attempts were made to use GC/MS however, the available instrument did
not have adequate sensitivity. The GC temperature program fisr LAS determinations
included an initial tenperature o f 110* C, followed by a 10* C/min ramp to 210*C,
followed by a second ramp o f 6'C/min to a final temperature of300*C, which was held for
10 min. Injection port conditions included an injector tenperature of300*C, splitless
condition, and a glass inlet liner packed with silanized glass wool. One milligram of wool
is sufficient. The glass wool was evenly p read across the insert with no holes through
which the liquid can pass. An excess does not help sample evaporation, but increases
adsorption and leads to a deterioration in the chromatogram. Deposition o f the sanple
onto packings renders sanple evaporation reliable and reproducible. Inlet liner packings
and septums were routinely replaced every 20 injections. Figure 6 shows a simple diagram
of a glass liner packed with silanized glass wool.
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Glass wool

Spdtootwt

FIGURE 6. Schematic diagram o f g h » liner packed with silanized glass w ool

d. Analysis:
To the extracted samples from C18 cartridges S mL of DMOS ion pair reagent (0.051
mol/L) was added. The mixture was extracted two times with 3 mL chloroform. Both
extracts were combined in a single vial and dried under a stream o f nitrogen in the
evaporating unit. Exactly 240 uL chloroform was added to the sanple. In addition 60 uL
o f 1 gr/L (60 ug) anthracene internal standard was added. Exactly 2 uL this solution was
injected into GC injection port. The calibration curve and analysis o f sanples from Lake
Mead and Las Vegas Wash were run by using the DOMS ion pair reagent. There were
two sets o f peaks in chromatograms, verifying methyl and octyl esters o f LAS. The area
sum of these two set o f esters were used to set the calihation and sanple concentrations.
Results o f analysis of water from Lake Mead aixi Las Vegas Wash are shown in table 6 .
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TABLE 6:
RESULTS OF SAMPLES COLLECTED FROM LAKE MEAD AND LAS VEGAS
WASH.
RESU LTS OF SAM PLES COLLECTED FROM LAKE MEAD AND LA S VEGAS
WASH.
Sample location

Analyzed
Volume(L)

Area of C12-LAS(sum of
methyl and octyl ester)/
Area of Internal Standard

LAS
Cone
(ppm)

Las Vegas Wash (L.V.W)

1

3.2343

0.50

Lake Mead (100 Yard from
L.V.W mouth)

1

0.0360

<0.01*

Lake Mead (200 Yard from
L.V.W mouth)

1

0.0330

<0.01*

Lake Mead, Las Vegas Bay
(500 Yard from L.V.W
mouth)

1

0.0350

<0.01*

Lake Mead, Las Vegas
Water District intake water.

1

0.0271

<0.01*

*Concentratioa lower than the lowest standard, not a reliable quantitative value.
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TETRABUTYL AMMONIUM BISULFATE (TBA) TEMPERATURE
DEPENDENCE OF ESTER FORMATION
The tenperature dependence for ester fonnation by the LAS tetrabutylammonium
[R-Ph-SOj ' ,N(Bu

) 4

*] ion pair was studied by increasing the tenperature of the pyrofysis

injector (GC/MS ) at IO*C intervals in the temperature range of310-460*C.

310-460*C

R-Ph~SO}

MfBu)^

R-Ph-SOj (Bu)
estérification
at pyrolysis injector

+ N(Bu)j

butyl esters

There is an increase in efficiency in estérification o f LAS-butyl esters [ R-Ph-SO} (Bu)
and no, or little decomposition o f LAS-butyl esters in the temperature range o f300 C to
340 C. Decomposition o f LAS- esters increases gradually over the tenperature range o f
340 C-460 C imtil almost aU the esters disappeared and deconposed at 460 C. No
internal standard was employed in these experiments. Figure 7 shows pyrolysis injector
chromatograms o f this study.
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FIGURE 7. CHROMATOGRAMS OF TEMPERATURE DEPENDENCE OF
ESTER FORMATION USING TEA ION PAIR REAGENT:
TIC of DRTR:PRRS534.D
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FIGURE 7. CHROMATOGRAMS OF TEMPERATURE DEPENDENCE OF
ESTER FORMATION USING TBA ION PAIR REAGENT (coatinoed):
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FIGURE 7. CHROMATOGRAMS OF TEMPERATURE DEPENDENCE OF
ESTER FORMATION USING TBA ION PAIR REAGENT (continued):
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n C U R E 7. CHROMATOGRAMS OF TEMPERATURE DEPENDENCE OF
ESTER FORMATION USING TBA ION PAIR REAGENT (continaed):
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FIGURE 7. CHROMATOGRAMS OF TEMPERATURE DEPENDENCE OF
ESTER FORMATION USING TBA ION PAIR REAGENT (cootiaoed):
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CHAPTER m

RESULTS, DISCUSSION AND FUTURE WORK

This new method utilizes reversed phase (cartridges C18)solid phase extraction
(SPE) methods for extracting and isolating LAS from water. Adjusting the pH to 2 had a
significant influence on the retention o f LAS on reversed phase extraction.
Preconditioning the reversed phase with methanol and water prior to extraction was
another main foctor leading to efficient extraction. This study introduced a new series of
ion pair reagents which are a good alternative to tetraalkyl ammonium salts. Future work
regarding new methods should explore utilizing supercritical extraction (SEE) and using
different alkylsulfonium ion pair reagents.
The LAS detection limit was about 200ng/ inj using the DMOS ion-pair reagent,
whereas the detection limit using TBA ion pair reagent was as low as lOOng/inj. Perhaps
using a different alkylsulfonium ion pair will in^)rove the performance o f this new method
and lower the detection limit by improving estérification efficiency. Using GC/MS with
specific ion detection also can decrease the detection limit. Among the three sulfonium
salts (TMS, DMTS, DMOS) only trimethylsulfonium bisulfrite (TMS) had emulsion
problems in extraction in chloroform which even centrifugation didn’t help. Good results
44
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were obtained with the other two ion pair reagents (DMTS, DMOS). DMTS was found
to be an efficient ion pair reagent except for the very first attenq)t where silver cation
contamination interfered. DMTS was found to be a very good alternative DMOS.
Because DMTS produces only methyl esters, resulting in a sinçler chromatogram, this
may result in a lower detection limit and less analysis time on the GC because methyl
esters elute fester than butyl or octyl esters. Due to insufficient sensitivity on the GC-MS
instrument, it was inqx)ssible to identify and quantify individual isomers at the low
concentrations. The calibration curve and analysis o f sangles fi-om Lake Mead and Las
Vegas Wash were run by using DMOS ion pair reagent due to the good result at first
attempt. There were two sets o f peaks in chromatograms, verifying methyl and octyl esters
o f LAS. The area sum of these two sets o f esters were used to set the calibration and
sanq>le concentrations. The results from Lake Mead had concentrations below the lowest
standard concentratioiL The sanq)les from Las Vegas Wash had a concentration in the
range o f the calibration curve. It is possible that other anionic surfectants and their
biodegraded intermediates are being detected as weU. This study focused on dissolved
surfectants. However significant amounts o f surfectants may be associated with the
surfece monolayer o f the lake (air- water interfece) and suspended particles. Therefore
future research should focus on surfectants in the monolayer and suspended particles as
well. Study of the temperature dependence o f estérification o f LAS within the range of
310 C-460 C showed that increasing tenq)erature from 3 IO C to 330 C increases efficiency
o f estérification, and results in lower detection limits. Increasing the tenq^erature to
greater than 330 C causes a gradual increasing deconqwsition o f the esters and their
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ultimate disappearance from the chromatogram.
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APPENDDCI:
CHEMICAL STRUCTURES OF TYPICAL DETERGENTS.

ANIONICS:

Alkylbeomenlfoaaie, ABS
(medium lettmpropylieaebeMeoetuIfonate)

Linear tOcylbeaxeoesalToaate. LAS
(sodium 6-dodecylbeaaeaesuIfooaie)

.OSd^Na
S(% Na
Alkyl sulfate
(sodium M«dodecyl sulfate)

Alkanesolfonate
(sodium 2-dodecanesuUboaie)

,S<^Na
OH
Alpha-olefinsulfonate
(sodium «i-<lodec*2-eoesnlfooate)

Beta hy*oayalkyl sulfonate
(sodium S-bydn»ydodecanesulfooate)

Alkyl ether sulfate
(sodium n-dodecyltetnethyosy sulfate)
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APPENDIX I (continue^:
CHEMICAL STRUCTURES OF TYPICAL DETERGENTS.

ANIONICS: (cooliiHied)

R

HO
OH
OCH3

OH
Li{uin culfoMlB

Petroleum sulfonates

O s ^ / v ^ ^ \ ^ 0 -PdibH N#"
Phosphate ester
(sodium dodecyitetiaethoxy phosphate)

SOaNa

Tallow ester sulfooate
(alpha-solfosteaiyl methyl ester coonpooent)

o

Sulfosucdaate ester
(sodium dioctylsulfosuccinate)

SO aN a

O

CH3

Soap
(sodium stearate)

0

N-Acylaied amino acids
(sodium laaiyl sareosimaie)
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APPENDIX / (continued):
CHEMICAL STRUCTURES OF TYPICAL DETERGENTS.

CATIONIC:

a
FatQr Acid quatenuiy unmoDium
(n-Hbcadecyltrinwthylafflmonium chloride)

BeazylaUqrldimethylanunoaiunx salts

AMPHOTERIC^;

jHN
R « H, CH3, eta

CaiiMxybeaiiies
(dodecykliiiiethylanunonioinetlune carboxyUte)

Amino add

O
O
POj

Ledthtn
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APPENDIX I (continued):
CHEMICAL STRUCTURES OF TYPICAL DETERGENTS.

Elhoxylated aloohol
(dodecanoi 9-etfnaylale)

EUMxyUied

lOcylpheDoi

EthoxyUied acids

(dodecanoic acid DonaetfayleMclycol ester)

OH

Fatty acid alkanolsmide
(dodecanoic add diedtanolamide)

Ethoxylated alkanoltmides
(eshoxyUled dodecanoic acid dieihanolamide)

EthoxyUied amines
(ethoxyUted dodecylamine)

CH,
.N O

'CH,

Omni
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APPENDDCn:
SOME OF THE MAJOR DERIVATIZATION AND DECOMPOSITION
METHODS.

Reactions:
1 -Decomposition Reactions
2 -Derivatization Reactions

1-Decomposition Reactions:
1.1)-Desulfonation Reaction (Acid decomposition/‘*’^'^°'^^^ :
215'C

R - S O j ' + Hj PO^(%94)------------------ >
90 min

(correspondingoil)
(volatile compounds)

1.2)-Alkalifiision Reaction:
350-360'C

R-SOj Na^ + 2 N a O H

> R -0'N a^ + N a iS O i^ H O
2

5 min

R-O 'N a * +

HCl

--------> R-OH (corresponding phenols)
(volatile compounds)

51
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Appendix H (continued):
2-Derivatization Reaction:
2.1)- Sulfonyl chlorides, Sulfonylfluorides, T h i o l f ^ ' ^ :
sulfonyl chlorides
(volatile compounds)

R -SO f Na^ + PCls

>

R-SO CI
2

<

SOCI + R-SO - Na^
2

3

Zn & Acid

KF(aq)

R-SH
Thiols
Sulfonyl fluorides
(more volatile compounds)

LUIH

4

V
R-SH
Thiols
(even more volatile compounds)

Sulfonyl chlorides generally suffer thermal decomposition to some extent at the
ten^>erature o f the injection port and column-oven gas chromatograph.
Sulfonyl fluorides are more volatile and stable than corresponding chlorides.
Thiols are even more volatile because o f low molecular weight.
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Appendix H (continued):
Derivatization Reactions (continued) :
2.2)- Estérification methods
2.2.1) -Conventional methods.
H-

H,C=N^=N-

R-SOj- Na^ ------------------- > R-SO H ------------------ > R-SO CH
3

acid

PCI3

R-SO

3

3

diazomethane

3

methyl ester
(volatile compounds)

CH3OH

Na * ————-—— > R-SO CI —™—— ------> R-SO CH
2

PCI,

3

3

Trifluroethanol

R-SO - Na^ ---------------- > R-SO C I------------------- > R-SO CH CF
3

2

3

2

3

Trifluoroethyl ester o f LAS

Both decomposition and derivatization methods suffer from;
•

Multiple preparation steps.

•

Long time processing.

•

Some use hazardous reagents (e.g. diazomethane).
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Appendix H (continued):
Derivatization methods (continued) :
2.2)-Esterification methods
2.2.2) Ion- pair derivatization (flash heater esteriflcation)
R-SOi'Na^ + N (B u)/ HSO, ' ------ > R-S

0

3

'N (Bu), ' +iVa ^ H SO f

Tetrabuthylammonium bisulfate
{TBA)
ion-pair reagent
300* C
estérification at GC injection port

R S O BU
3

+ N(Bu

) 3

butyl esters
(volatile compounds)

Study shows that the efSciency o f injection port derivatization increases in order o f
increasing ion- pair molecular weight within the series o f tetraalkylammonium ion-pair
reagents/^^)
TMA*<TEA*<TPA*<TBA*
>

increasing efSciency
Ion- pair derivatization (flash- heater esteriflcation) has the following advantages versus
conventional methods;
•

One preparation step.

•

Short time processing.

•

Reducing solvent consumption (e.g. chloroform).

•

Eliminating use o f diazomethane.

•

Appendix III.
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APPENDDCm:
Abbreviation

Full name

ABS

Alkylbenzene sulfonate

AES

Alkylethoxylate sulfate

AEOS

Alkyletho^QTsul&te

AOS

a-Olefin sul&te

AP

Alkylphenol

AS

Alkyl sul&te

DATS

Dialkyhetralinsulfonates

DMOS

Dimethyloctylsulfonium salt

DMTS

Dimethyl-p-tolyl-sulfonium salt

FAAES

Fatty acid amide ether sul&tes

LAS

Linear alkylbenzene sulfonate

NPES

Nonylphenolethyl sulfrte

TBA

Tetrabutylammonium salt

TMS

Trimethylsulfonium salt

Definitions o f abbreviation:
LDjo : (lethal dose , 50%). That quantity of a substance administered either orally or by
skin contact necessary to kill 50% o f exposed animals in laboratory test within a specified
time. A substance having an LDjq o f less than 50 mg per kg o f body weight is rated
highly toxic by toxicologists.
CIS, C8, C2 : Reversed- phase packings which are hydrophobic, silica based materials
that retain moderately polar to non-polar conqx)unds from a polar matrix.
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